Signals for space (i.e., satellite) communications must be transmitted over extremely long distances. To achieve efficient transmissions, high-power sources-with good collimationare therefore required. Compared with radio waves, optical sources (e.g., laser diodes) have the advantage of much smaller beam divergence because of their much shorter wavelengths. It remains a challenge, however, to increase the output power of laser diodes while preserving their excellent beam propagation characteristics.
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Several techniques are available to increase the overall power of a laser transmitter. With the simplest of these techniquesincoherent beam combination 1 -the outputs from an array of individual lasers are simply added. The output phases of these individual lasers, however, are uncorrelated and thus produce extremely poor beam quality, which results in high beam divergence and a low-power signal being detected at the target. In a more sophisticated technique-active beam combination 2 -electronic control of each output's phase is used to preserve the quality of the composite beam. With this approach, however, complicated circuitry and control electronics are required to measure and adjust the phase of each individual laser.
We have developed an innovative passive beam combination technique, in which we use a simple method to combine the beams from multiple lasers. 3 We are able to maintain the phase relationship between each laser and thus achieve good beam quality. For our technique, we do not require any active sensors or control electronics. We simply exploit the supermode properties of a specially designed optical resonator to force the multiple lasers to act as a single source.
To transform each laser into an amplifier, we use an antireflection coating on the output facets of the lasers in the array. We arrange these facets in a self-Fourier (SF) pattern, which is designed to reproduce itself upon a single, spatial Fourier transformation. This Fourier transform process for optical patterns is widely used in optical processing techniques, e.g., holography and optical character recognition. 4 We then couple the laser array to an optical cavity (the 'SF cavity'), which performs an optical Fourier transform with the use of a single Fourier lens (see Figure 1) . With the individual sources arranged in this manner, we force the entire laser array to operate in a single supermode, where each element emits in-phase with all the other elements.
To demonstrate our passive beam combination technique, we fabricated a monolithic semiconductor laser array that contains 35 individual elements on a single monolithic chip. We mounted this array in our external SF cavity (see Figure 2) . We operated the system with about 1W output power, and measured 57% of the output power as coherent. 5 We have also demonstrated experimentally that the beam quality of the output is independent of the number of elements in the array. These experimental results are in good agreement with our theoretical models of operation. 6 Our measurements also show that the coherent output power increases linearly with the number of elements in the laser array (see Figure 3) , which is also predicted in our models. This result leads to a significant increase in the power that can be generated with good beam quality, and will facilitate increased capabilities for laser communications over large distances.
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To exploit further the unusual properties of our coherent laser array, we have developed a communication technique known as coherence modulation. With this methodology, we modulate the coherence of the laser output via the addition of a small highfrequency dither to the injection current of the laser diode array. This small current variation results in the destruction of the phase relationship between the elements in the array. The modulation of the coherence results in modulation of the power that is detected by a distant receiver. This is a result of the combination of two separate effects, i.e., modulation of the total emitted power due to change in feedback, and modulation of the farfield divergence due to the resulting change in beam quality. We expect that the top speed capability of this technique will be on the order of 1GHz, or faster. We have designed and experimentally demonstrated a new high-power coherent laser array that can be operated with good beam quality. We use a self-Fourier cavity to combine individual laser output beams coherently. We have also used this design to develop the high-speed coherence modulation communication technique. Our work will lead to a significant increase in the maximum range for satellite communication systems. We now plan to increase the performance of our technique further by using larger laser arrays, with higher-power emitters. 
